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1 

Fluorescent compositions comprising dlketopyrrolopyrrolea 

The present invention relates to fluorescent compositions comprising a diketopyrrolopyirole 
("DPP") of tiie formula I and a DPP of the formula II and their use for the preparation of inks, 
5 colorants, pigmented plastios for coatings, non-impact-printing material, color filters, 
cosmetics, polymeric ink particles, toners, dye lasers and electroluminescent devices. A 
luminescent device comprising a composition according to the present invention is high in 
the efficiency of electrical energy utilisation and high in luminance. 

10 It is presently common to prepare organic electroluminescent ("EL") devices which contain 
an organic fluorescent substanoe by a vacuum evaporation process, e,g. described In Appl. 
Phys. Lett, 51, 913 (1987). In general, two types of such vacuum evaporation processes are 
applied according to the constitution of fight emitting material: a one-component type process 
and a two-component type (or "Host-Quest type" or Tainan/ system") process (e.g. described 

15 In J. Appl. Phys., 65, 3610 (1 989)). 

For emitting a light of red, green or blue color in a one-component system, the light emitting 
materials themselves have to emit an intense fluorescence of red, green or blue color. 
Further, a vacuum evaporation process has to give a deposited film of uniform quality, and 
20 the film thus formed has to be endowed with appropriate ("carrier") mobility for positive holes 
and/or electrons i.e. properties of a semiconductor, 

Numerous materials emitting light in the green- or blue-colored region are (mown. 

25 JP-B2 2.749,407 (Pioneer Electron Corp, & Nippon Kayaku Co. Ltd.) describes as a light 
emltBng material N,W-bis(2,5^i-tertrbuty^^ However, 
its lumfnanoe Is as low as 27 cd/rn 2 , which is Insufficient for commercial applications. 

JP-A2 2,296,691 (Ricoh) claims an electroluminescent element comprising a positive 
30 electrode, a negative electrode and one organic compound layer or a plurality of organic 
compound layers held between the positive and negative electrodes, but no hole transporting 
substance. At least one layer of said organic compound layers (s a layer containing a 
pyrrolopyrrole compound represented by the following formula II" 



UK. <3Z>3 O. a'X>~3 




.aaad 13:52 CIBfl SC +41 61 636 7976 




wherein Yi and Y a Independently from each other represent a substituted or unsubst)tuted 
alkyl, oycloalkyl or aryl group. Y a and Y 4 Independently represent a hydrogen atom or a 
substituted or unsubstituted alkyl or aryf group, and X represents an oxygen or a sulfur atom. 
5 Only four compounds are mentioned explicitly, namely wherein X stands for oxygen In all 
cases, and wherein (a) Y 3 =Y 4 = methyl and Yi = Y £ = p-tolyl, (b) Y 3 - Y 4 - methyl and Yi m 
Yz - hydrogen, (c) Ya m Y 4 - hydrogen and Y t = Ye = p-tolyl. and (d) Y 3 - Y 4 - Yi » hydrogen 
and Y* = p-chlorophenyl. However, according to JP-A2 5,320,633 (see below), a follow-up 
study of the same inventors revealed that an emission of light is only observed, if the DPP- 
JO compounds II" are used together with other compounds. This observation is supported by 
comparative example 2 of JP-A2 3,320,833, which shows that no emission Is observed, If 
DPP 11" is used alone, i.e. without the addition of tris(e-hydroxyqulno|inato)aluminjum CAIqa'), 

JP-A2 5,320,633 (Sumitomo) daims an organic EL device having a light emitting layer 
15 comprising a light emitting material in an amount of 0.005 to 15 parts by weight of a DPP 
compound between a pair of electrodes, wherein at least one electrode being transparent or 
semi-transparent Although the main olaim Is silent about the use of Alq* it is clear from the 
specification and the examples, espscially from comparative example 2, that Alq a is an 
essential feature in the claimed EL. element or device. 

20 

JP-A2 9003448 CToyo ink) claims an organic EL element having between a pair of electrodes 
a luminous layer containing a DPP compound as electron-transporting material or an organic 
compound thin film layer Including a luminous layer and an electron-injecting layer wherein 
the electron-Injecting layer contains a DPP compound as the electron-transporting material. 
25 in addition, another EL element further comprising a hole-Injecting layer is claimed. The 
disadvantage of the claimed EL devices is that according to the examples always Alq 3 and a 
phenanthrene diamine (as hole-injecting material) have to be used. 

Ep-A 499,011 describes electroluminescent devices comprising DPP-compounds. 
30 particularly, in example 1 the DPP-derlvatlve of formula III* 



CIBA SC +41 61 636 7976 




is disclosed. 



Ill' 



WO 98/33862 descrlbesthe use of tne DPP-compound of formula IV 




IV 



5 °H a Ph 

as a guest molecule In electroluminescent devices. 
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EP-A-10S7006 relates to fluorescent dlketopyrrolopyrroles ("PPPs") of the formula r 




wherein Rv and B», independently from each other, stand for Ct-Cgs-alkyl* el to which can be 
substituted one to three times with Chalky! or Ar ff . -CRa-RHOM^r*. wherein R* and 
Independently from aach other stand for hydrogen or Crdalkyl. or phenyl whioh can be 
substituted on to three times with O r Q3 alkyl, Any stands for phenyl or 1- or 2-naphthyl which 
can be substituted ope to three times with C r Caalkyl, CrCaalkoxy. halogen or phenyl, which 
can be substituted with CrCaalkyl or Ci-Cealkoxy one to three times, and m' stands for 0, 1, 
2, 3 or 4. and wherein C^-alky! or -CRffRrtCHaWAfe. preferably CVCa-alky!, can be 
substituted with a functional group capable of Increasing the solubility In water such as a 
tertiary amino group, -SOg, or P0 4 * Aft and Ar 2 . Independently from each other, stand for 

fa' 



20 
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wherein Rs* and Rr\ Independently from «ach other, stand for hydrogen, d^alkyl. -NRe R 3 , 
-0R*\ <*0fcft\ -Sa(0) ft Ra , or phenyl, which can be substituted one to three times with 
C-Caalkyl or l^M but do not stand simultaneously for hydrogen, wherein Pa- and R* 
independently from each other, stand for hydrogen, 0,-eja-alkyl. Cs<hr 
5 cycloalkyl, ^MWnrPb, R» wherein R 1ff stands for C Q -C^aryl era saturated or 
unsaturated heterocyclic radical comprising five to seven ring atoms, wherein the nng 
consists of carbon atoms and one to three hetero atoms selected from the group consulting 
of nitrogen, oxygen and sulfur. wh«rein Ph. the aryl and heterocyclic radical can bo 
substituted one to three Ames with CM*** CrCWkav. or halogen, or R* and Rsr stand 
10 for -C(0)R W . wherein R, f can be C r C«ralkyl. C^-cycloalkyl. R,,, -OR* or -NRw-Rw, 
wherein R» ft* and R w .etendfor CrCWalkyl. C^rcyoloalkyl. C^-aryl, era 
saturated or unsaturated heterocyclic radical comprising five to seven nng atoms. Wherein 
the ring consists of carbon atoms and one to three hetero atoms selected from the group 
coring of nitrogen, oxygen and sulfur, wherein the aryl and ^^^^ m 
IS substituted one to three times with C,C^ or CrCaalkoxy, or -NR„R* stands for a five- or 
six-membered heterocyclic radial in which R,and R tf togemer stand fc^ 

pe ntamemylene.-CH 2 ^ 

<>CHrOH a -.andrfst W dsfo r O I 1.2or3.TheDPPoompound S canbeusedforthe 
preparation of Inks, colorants, pigmented plastics for coatings, non-lmpact^rlntmg material, 
20 color filters, cosmetics, or for the preparation of polymeric ink particles, toners, dye lasers 
and electroluminescent devices. 

EP-A-1087006 relates to an electroluminescent device comprising in this order (a) an anode, . 
(b) a bole transporting layer, (O a lighting layer, (d) optionally an electron transporting 
25 layer and (e) a cathode and a ligM-emlttlng substance, herein the Remitting substance 
is a diketopyrrolopyrrole ("DPP") represented by formula r . 

Further fluorescent PPP compounds and their use in electroluminescent devices are 
disclosed in EP 01810630. 

30 

Surprisingly, it was found that luminescent devices, which are high in the efficiency of 
2 Zmm utilisation and high In luminance, can be obtained if specific combines of 
DPP compounds are used as light emitting substances, 

35 Accordingly, the present Invention relates to compositions comprising a diketopyrrolopyrrole 
("DPP") represented by formula I 




and a DPP represented by formula II 



R 8 — l 




-ft 4 
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wherein R 1 , R 8 , R s and R 4 independently from each other stand for C^Cas-aHcyi, Ce-Cu- 
cyeloalkyl or Cp0 12 -eycfoa|kyl which can be condensed one or two times by phenyl whfoh 
can be substituted one to three times with C r C 4 -alkyf, halogen or cyano. sllyl. A B or - 
CR 11 R^(CH 2 VA 5 , wherein R" and R 12 independently from each other stand for hydrogen 
or C-C^alkyl, or phenyl which can be substituted one to three times with d-C^alkyl, A 8 
stands for phenyl or 1- or 2-naphthyl which can be substituted one to three times with C r 
C^alky!, Ct-Caalkoxy, haicgen, cyano, phenyl, whleh can be substituted with Ci-Calky! or C- 
c 6 alkoxy one to three times, -NR 1i W* wherein R 18 and R 14 represent hydrogen. Chalky!. 
05-C Tr cycloa|kyl or Ce-C^aryl, in particular phenyl or 1- or a^naphthyl which can be 
substituted one to three times with CVCaalkyl, c,-C fl afkoxy, halogen or cyano, or phenyl, 
which can be substituted with C r Caalkyl or C r Coalkoxy one to three times, and m stands tor 
0.1,2, 3 or 4, 

A 1 and A 2 independently tram each other stand for 
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wherein 

B B R e R 7 Independently from each other stands for hydrogen, CrCas-alKy!, Ci-Car 
aikoxy' -O0n 11 R 1 MCH 2 ) ro «A 5 . cyano, halogen. -OR 10 , -S(0) P tf » or phenyl, which can be 
substituted one to three times with OrCtffert or CrC B alkoxy, wherein R 10 stands for C<rA*- 
aryl or a saturated or unsaturated heterocyclic radical comprises five to seven ring atoms, 
wherein the ring consists of oaroon atoms and one to three hstero atoms selected from the 
group consisting of nitrogen, oxygen and sulfur, R« stands for OHM**. Cs-C^oalkyl, 
^ 1 R 1z -(CH 8 )m-Ph, R' s ' stands for C^-aryl, p stands for 0, 1, 2 or 3 and n stands for 0, 1, 

2, 3 or 4* 

A a and A 4 independently from each other stand for 



20 




wherein R 8 and R 9 independently from each other sland for hydrogen. C^ralkyl. C B -C, a - 
cycloalKyi, -CR"R^CHa)*rA B , CVCfc-aryl, in particular A\ or a saturated or unsaturated 
heterocyclic radical comprising five to seven ring atoms, wherein the ring consists of carbon 
atoms and one to three hstero atoms selected from the group consisting of nitrogen, oxygen 
and sulfur, and R w and R 17 Independently from each other stand tor hydrogen and c 6 -Car 
aiyl, in particular phenyl; an electroluminescent device comprising toe above-mentioned 
composition and the use of the composition for coloring a high molecular weight organic 
material. i.e. the use of the composition tor the preparation of Inks, colorants, pigmented 
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7 

plastics for coatings, nonimpact-printing material, color filters, cosmetics, polymeric Ink 
particles, toners, dye lasers and electroluminescent devices. 

The present Invention provides red or orange fluorescent compositions with a high heat 
stability, a good solubility in polymers, hydrocarbon based fueie, lubricants etc., a high light 
stability, and the ability to be used in plastics, especially polyamldes, without decomposition 
and loss of llghtfastness, and In paints and with a high electroluminescent (EL) emission 
intensity. 

R\ R* 4 , R*and R 4 independently from each other stand for d-Caralkyl» preferably CrCaaHcyl. 
in particular n-butyl, tert.-butyl and neopentyl, Os-C^acycloalkyl or Ca-C 12 -cycloalkyl which can 
be condensed one or two times by phenyl whioh can be substituted one to three times with 
C r C 4 -alfcyl. halogen andcyano, in particular cyclohexyl, which can be substituted one to 
three times with C-CaalKyl and/or Ci-C 8 alfcc*y, In particular 2.6-df-isopropylcyclohexyi, or 



c6ocr 



. silyl, in particular trimethylsHyl, A B or -CR 11 R 14 .(CH2)„rA s f 
wherein R T1 and R 12 Independently from each other stand for hydrogen or C 1 -0 4 alkyl I or 
phenyl which can be substituted one to three times with Ci-CsalkyI, A 6 stands for phenyl or 1- 
or 2-naphthyl whioh can be substituted one to three times with Ct-Caaikyl. ^-Caalkoxy, 
halogen, cyano, phenyl, which can be substituted with Chalky! or c r c fl alkoxy one to three 
20 times, or -NR 1a R 14 , wherein R' 3 and R 14 represent CrCaralkyI, CVCia-oycloatkyl or Ck-C^- 
aryl, in particular phenyl or 1- or 2-naphthyl, which can be substituted one to three times with 
Ct-Caalkyl, Ci-Caalkoxy, halogen or cyano or phenyl, which can be substituted with C r 
Caalkyl or CrQjalkoxy one to three times, in particular 3,5-dimethyfphenyl, 3,5-di-tert- 
bulylphenyl. 3-methylphenyl and 2.6-dWsopropylphenyf, and m stands for 0, 1, 2, 3 or 4, In 
25 particular 0 or 1, 



Preferably R 1 and R 8 are 'independently of each other C,-C B alky|, 




(XT 



or-OR' 1 H 12 -A 5 , wherein R 11 Is hydrogen, R ia is hydrogen, In particular 



8 




-TV* 



methyl or phenyl and A B Is ^ ^ , ^ ^ ox R . wherein R 5 . 

R e and R 7 are Independently of each other hydrogen, d-C^W. or halogen, in particular Br, 

Hi 




wherein groups p " or R 6 , wherein R s . R 8 and R 7 are hydrogen: 

R B is C r C4-alkyi. Phenyl or Br and R 6 and R 7 are hydrogen; R 6 isCrC 4 -alkyl and R* and R 7 
5 are hydrogen; or R fl is hydrogen and R 8 and R 7 are C^-allcyl are most preferred. 

Preferably R* and R 4 are independently of each other CrOrSlKyl or -CR"R 12 -A S , wherein R 11 
is hydrogen, R 12 Is methyl or phenyl, In particular hydrogen and A 5 Is 



R 6 , wherein R 8 , R 8 and R 7 are independently of each other hydrogen, CVC*- 



10 alkyl, or CN, wherein groups " » wherein R 5 , R 8 and R 7 are hydrogen; R e is 

CN or CrC 4 -a|kyl and R B and R 7 are hydrogen, R 6 and R 6 araCNandR 7 is hydrogen; R is 
Ci-Ccalkyi and R* and R 7 are hydrogen; or R* is hydrogen and R B and R 7 are C r C»-alkyl are 
most preferred, 

15 The weight ratio of the Dpp compound of the formula I to the DPP compound of the formula 
II is in general 50:50 to 00.99:0.01 , preferably 90;1 0 to 99.99:0.01 , more preferably 95:5 to 
99.95Q.1, most preferably 98:2 to 99.9;0.1. 

The DPP compounds of the formula I and H are distinguished by the substltuents A 1 and A 2 
20 and A a and A 4 , respectively. 



A 1 and A 2 Independently from each other stand for 




wherein R 6 , R 8 , R 7 , n and R 1S have the above-mentioned meanings. 

5 

if the phenyl or naphthyl substituent is substituted by a vinyl group. A 1 and A a independently 
from each other can stand for 




wherein n is an integer of 1 to 4, in particular 1 or 2, R 6 and R 8 independently from each other 
10 can stand for hydrogen, Ct-Coalkyl or C r C a alkoxy and R 1B Is C B -C 24 aryl, such as phenyl. 1 - 
naphthyl. 2-naphthyl, 4-blphenyl. phenanthryl. terphenyl, pyrenyi. Z* or 9-fiuorenyi or 
anthracenyl, preferably C 6 -C 1s aryl such as phenyl. 1 -naphthyl, 2-naphthyl, 4-biphenyI, which 
may be unsubstitutad or substituted by C,-Caalkyl or C,-C e alkoxy, wherein groups of the 
following formula are preferred: 



15 




If A 1 and A 2 independently from each other stand for 




B B , R s and R 7 independently from each other stand for hydrogen, CrC B -alkyl. C^-Ce- 
alkoxy, -OCR^R^tCHaVA 5 , cyano, chloro, -OR 10 , or phenyl, which can be substituted one 
5 to three times with 0,-Caalkyl or Ci-C B alkoxy. wherein R 1fl stands for drCaraiyl, such as 
phenyl, 1-naphthyl or 2-naphthyl. P 11 and R w are hydrogen or Ct-Gralkyl, m is 0 or 1, A B ie 
phenyl, 1-naphthyl or 2-naphthyl, wherein groups of the following formula are preferred: 




Particularly preferred DPP compounds of the formula I are the following compounds: 
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Compound 


A 1 * A* 


R 1 =B* 


A-11 
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do 






A-17 
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-CH(CH a )a 


A-16 I 


do 




do 


A-19 


do 
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A-20 


jdc 




>~\ = J 


A-21 
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do 







Lion ou ox wo r=>.w 
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A a and A 4 independently from each other stand for 




wherein R B , R B , B a . R B , R ,B and R 17 have the above-defined meanings. 



If A a and A* independently from each other stand for a group of tha formula 




R B ' 

10 R B and R B are preferably hydrogen. R B is preferably CrC e alkyl op phenyl and R 1B and R 17 are 
preferably hydrogen or phenyl. 



If A a and A* independently from each other stand for a group of the formula 




15 R s and R B are preferably hydrogen and R 8 Is preferably C^salkyl or phenyl. 



In particular A 3 and A 4 independently of each other stand for 



J4 

R 8 




wherein R B , R 6 , R 7 independently from each other stand for hydrogen, CVCe-alkyl, GrCr 
alkoxy, -OCR 11 R w -(CH a ) m -A s , eyano, ch[oro, -OR 10 , or phenyl, which can be substituted one 
to three times with CrCealkyl or CrCaalkoxy, wherein R 10 stands for Cs-d^-aryi, such as 
5 phenyl, 1-naphthyl or 2-naphthyl, R 11 and R 18 are hydrogen or c r c 4 -alkyl. m is o or i, A s is 
phenyl, 1-naphthyl or 2-naphthyl, R 8 and R 9 Independently from each other stand for 
hydrogen, C,-Ca-atkyl, C,pC ir cycloa!kyl. In particular oyclohexyl, -CR 11 R w *(CH g )nrA s , Cb-Cm- 
aryl, such as phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyi. phenapthiyl. terphenyl, pyrenyl, 2r 
or 9-fluorenyl or anthracenyl. preferably Ce-C^ryl such as phenyl, 1-naphthyl, 2-naphthyl, 4- 
10 blphenyl, which may be unsubstltuted or substituted, in particular A 1 , or a saturated or 
unsaturated heterocyclic radical comprising five to seven ring atoms, wherein the ring 
consists of carbon atoms and one to three hetero atoms selected from the group consisting 
of nitrogen, oxygen and sulfur 
In particular groups of the following formula are preferred 




wherein R 8 and R" are independently of each other a group of the formula 




wherein R 21 , R* 2 and R* a are independently of each other hydrogen, Chalky!, a hydroxy! 
20 group, a meraapto group, C,-c a slkc*y, O r 0 8 alkylthio, halogen, halo-C r C a alj<y|. a cyano 
group, an aldehyde group, a ketone group, a carboxyt group, an ester group, a carbamoyl 
group, an amino group, a nitro group, a sflyl group or a siloxanyi group. Preferably R a \ R 92 
and R 83 are independently of each other hydrogen, CrCaalkyl, c r O fl alkoxy or q-Cealkylthlo, 
Particularly preferred DPP compounds of the formula II are the following compounds: 




Particularly preferred Inventive compositions comprise compounds A-1 end p-4, A-1 and B-1, 
A-2 and B-1 or A-2 and B-3. 



m m 
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The inventive DPP confounds of formula, I or II oan be synthesized according to or in 
analogy to methods welj known In the art, such as described, for example, in US 4,579,949, 
EP-A 353,184. EP-A-133,156, EP-A-1 ,087,005 and EP-A-1 ,087,006, 

The term "halogen" means fluorine, chlorine, bromine and Iodine, 

CVC 2B alkyl is typically linear or branched - where possible - methyl, ethyl, n-propyl, feopropyl, 
n-butyl, sec-butyl, isobutyi, tert-butyl, n-pentyl. 2-pemyl, 3-pentyl. 2,2-dimothylpropyi, rb 
hexyl, n-heptyl. n-octyl, 1.1.3.3-tetramethylbutyl and 2-ethylhexyl, n-nonyl, depyl, undecyl, 
dodecyl, tetradecyl, peptadecyl, hexadecyl, heptadecyl, odadecyl, eicosyl, heneicosyl, 
docosyl, tetracosyl or pentacosyl, preferably CrCaalkyl such as methyl, ethyl, n-propyl. 
Isopropyl, n-butyl, sec-butyl, Isobutyi, tert.-butyl, n-pentyl, 2-pentyl, 3-pentyl, 2,2-dimethyl- 
propyl, n-hexyl. n-heptyl, n-octyl, 1.1,3,3-tetramethylbutyl and 2-ethylhexyl, more preferably 
c r C 4 alkyl such as typloally methyl, ethyl, n-propyl, Isopropyl, n-butyl, sec-butyl, isobutyi, 
tert,-buty|; CrCaalkyl stands for methyl, ethyl, n-propyl, or Isopropyl; Ci-Cealkyi stands for 
methyl, ethyl, n-propyl, Isopropyl, n-butyl, sec-butyl, isobutyi, tert>buty|, n-pentyl, 2-penty|, 3- 
pentyl, 2,2-dimethyl-propyl, or n-hexy|. 

The "aldehyde group, ketone group, ester group, caibamoyl group and amino group" include 
those substituted by an aliphatic hydrocarbon group, an alicyclio hydrocarbon group, an 
aromatic hydrocarbon group, a heterocyclic group or the like, wherein the aliphatic 
hydrocarbon group, allcyciic hydrocarbon group, aromatic hydrocarbon group and 
heterocyclic group may be unsubstftuted or substituted. The term "sllyl group" means a 
silicon compound group such as trimethylsllyl. The term "siloxanyl group" means a silicon 
compound group linking through intermediation of an ether linkage, such as 
trtmethylsiloxanyl and the like. 

Examples of C r CBa!koxy, are methoxy, ethoxy, n-propoxy, Isopropoxy, n-butoxy, ssc-butoxy, 
isobutoxy. tert-butoxy, n-psntoxy, 2-pentoxy, 3-pentoxy, 2,2-dimethvlpropoxy, n-hexoxy, n- 
heptoxy, n-octoxy, 1,1,3,3-tetramethylbutoxy and 2-ethylhexpxy, preferably C,-C4alkoxy such 
as typically methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy, isobutoxy, 
tert-butoxy. The term "alkyRhio group" means the same groups as the alkoxy groups, except 
that the oxygen atom of ether linkage is replaced by a sulfur atom. 

The term "aryl group" Is typically CtrC^ryl, such as phenyl, 1-naphthyt. 2-naphthyl. 4- 
biphenyl, phenanthryl, terphenyl. pyrenyl. 2- or 9-fluorenyl or anthracenyl, preferably Cs- 



* 
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C ia aryl such as phenyl, 1-naphthyl, 2«naphthyl, 4-biphenyl, which may be unsubstltuted or 
substituted. 

The term "cydoalkyl group" is typically Cs-CiacycloalkyI, such as cyclopentyl, cyolohexyl, 
5 cycloheptyi, cyclooctyl, oyolononyl, cyclodecyl, cycloundecyl, cyclododecyi, preferably 

cyclopentyl, cyclohexyl, cycloheptyi, or cyclooctyl, may be unsubstituteci or substituted. The 
term "cycloalkenyi group" means an unsaturated alicyclio hydrocarbon group containing one 
or more double bonds, such as eyclopentenyl. eyctopentadlenyl. cyciohoxonyl and the like, 
which may be unsubstituted or substituted. The cydoalkyl group, |n particular a cyclohexyl 
10 group, can be condensed one or two times by phenyl which can be substituted one to three 
times with C,-C 4 -alkyl , halogen and cyano. Examples of such condensed cyclohexyl groups 



R 88 are independently of each other C r C 4 -alkyl , halogen and cyano, in particular hydrogen. 

15 The term "heterocyclic radical" is a ring with five to seven ring atoms, wherein nitrogen, 
oxygen or sulfur are the possible hetero atoms, and is typically an unsaturated heterocyclic 
radical with five to 18 atoms having at least six conjugated ^electrons such as thienyl, 
benzop5]thienyl, dibenzo&>.d]thienyl, thianthrenyl, furyl, furfuryl, 2H-pyranyl, benzofuranyl, 
isobenzofuranyl, dibenzofuranyf, phenoxythienyl, pyrrolyl, imidazolyl, pyrazolyi, pyridyl. 

20 bipyrldyl, triazinyl, pyrlmidinyl, pyrazlnyl, pyridazlnyl. Indolizinyl, isolndolyl. indolyl, Indazofyi, 
purinyl, qulnollzinyl, ohlnoiyl, Isochinolyl, pnthalazlnyl, naphthyridinyl, chlnoxalinyl, 
china^olinyl, cinnollnyl, pterldinyl. carbazolyl, earbolinyt, benzotriazolyl, benzoxazolyl, 
phenarrthridinyl, acridlnyl 4 perimldinyl, phenanthrollnyl, phenazlnyl, Isothiazolyl, 
phenothiazinyl, isoxazolyl, furazanyl or phenoxazinyl, preferably the above-mentioned mona- 

25 or bicyclic heterocyclic radicals. 

The above-mentioned substituents can be substituted by a O r C fl alkyl, a hydroxyl group, a 
mercapto group, CrCsalkoxy, CVCealkylthlo. halogen, ha]o-C r C e alky!» a cyano group, an 




in particular 




, wherein Ft 21 , R 88 , R 28 , R 44 , R zs and 
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aldehyde group, a ketone group, a carboxyl group, an ester group, a carbamoyl group, an 
amino group, a nitro group, a eilyj group or a siloxanyl group, 

The present Invention relates further to an eiectrolumjnescent device having the composition 
5 according to the present Invention between an anode and a cathode and emitting light by the 
action of electrical energy. 

Typical constitutions of latest organic electroluminescent devices are: 

(i) an anode/a hole transporting layer/an electron transporting layer/a cathode, in whioh the 

10 compositions are used either as positive-hole transport composition, which is exploited to 
form the light emitting and hole transporting layers, or as electron transport compositions, 
which can be exploited to form the light-emitting and electron transporting layers, and 
OD an anode/a hole transporting layer/a light-emitting layer/an electron transporting layer/a 
cathode, In which the compositions foim the light-emitting layer regardless of whether they 

15 exhibit positive-hole or electron transport properties in mis constitution, and 

(III) an anode/a hole injection layer /a hole transporting layer/a light-emitting layer/an electron 
transporting layer/a cathode, and 

(iv) an anode/a hole transporting layer/a light-emitting layer/ a positive hole inhibiting layer/ 
an electron transporting layer/a cathode, and 
20 (v) an anode/ a hole injection layer / a hole transporting layer/a light-emitting layer/ a positive 
hole inhibiting layer f an eleotron transporting layer/a cathode, 

Thin film type electroluminescent devices usually consist essentially of a pair of electrodes 
and at least one charge transporting layer In between, Usually two charge transporting 

25 layers, a hole transporting layer (next to the anode) and an electron transporting layer (next 
to the cathode) are present. Either one of them contains - depending on its properties as 
hole-transporting or electron-transporting material » an Inorganio or organic fluorescence 
substance as light-emitting material. It is also common, that a lightnemitting material Is used 
as an additional layer between the hole-transporting and the electron-transporting layer. In 

30 the above mentioned device structure, a hole Injection layer can be constructed between a 
anode and a hole transporting layer £ind/or a positive hole Inhibiting layer can be constructed 
between a light emitting layer and a electron transporting layer to maximise hole and electron 
population in the light emitting layer, reaching large efficiency In charee recombination and 
intensive light emission. 

35 
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The devices can be prepared In several ways, Usually, vacuum evaporation is used for the 
preparation. Preferably, .the organic layers are laminated in the above order on a 
commercially available Ihdlum-tin-oxide ("ITO") glass substrate held at room temperature, 
which works as the anode In the above constitutions. The membrane thickness Is preferably 
5 In the range of 1 to 10,000 nm, more preferably 1 to 5,000 nm, more preferably 1 to 1 ,000 
nm, more preferably 1 td 500 nm. The cathode metal, such as a Mg/Ag alloy or a binary U-Al 
system of ca. 200 nm is laminated on the top of the organic layers. The vacuum during the 
deposition is preferably less than 0.1333 Pa (1x 10* Torr), more preferably less than 
1.333x 10* Pa (1x 10* Torr), more preferably less than 1.333X 10"* Pa (ix 10* Torr). 

10 

As anode usual anode materials which possess high work function suoh as metals like gold, 
silver, copper, aluminum, indium, iron, zinc, tin, chromium, titanium, vanadium, cobalt, nickel, 
lead, manganese, tungsten and the like, metallic alloys such as magnesium/copper, 
magnesium/silver, magnesium/aluminum. aluminum/Indium and the like, semiconductors 

15 such as Si, Ge, GaAs and the like, metallic oxides such as indium-tin-oxide CITO"), ZnO and 
the like, metallic compounds such as Cul and the like, and furthermore, elactroconducting 
polymere such polyacetyjene, polyanlllne. polythlophene. pqlypyrrole, polyparaphenytene 
and the like, preferably ITO, most preferably ITO on glass as substrate can be used. 
Of thess electrode materials, metals, metallic alloys, metallic oxides and metallic compounds 

20 can be transformed into electrodes, for example, by means of the sputtering method. In the 
case of using a metal or a metallic alloy as a material for an electrode, the electrode can be 
formed also by the vaeuum deposition method. In the case of using a metal or a metallic 
alloy as a material forming an electrode, the electrode can be formed, furthermore, by the 
chemical plating method (see for example. Handbook of Electrochemistry, pp 383-387, 

25 Mazuren, 1985). In the case of using an electroconductlng polymer, an electrode can be 
made by forming it Into a;fllm by means of anodic oxidation polymerization method onto a 
substrate which is previously provided with an electroconductlng coating. The thickness of an 
electrode to be formed on a substrate is not limited to a particular value, but, when the 
substrate is used as a light emitting plane, the thickness of the electrode Is preferably within 

30 the range of from 1 nm to 100 nm. more preferably, within the range of from 5 to 50 nm so as 
to ensure transparency. 

In a preferred embodiment ITO Is used on a substrate having an ITO film thickness in the 
range of from 10 nm (10q A) to 1 p. (10000 A), preferably from 20 nm (200 A) to 500 nm 
35 (5000 A). Generally, the sheet resistance of the ITO film is chosen in the range of not more 
than 100 O/cm 2 , preferably not more than 50 A/cm 2 . 
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Such anodes are commercially available from Japanese manufacturers, such as Qeomatech 
Co,Ltd„ Sanyo Vacuum! Co. Ltd., Nippon Sheet Glass Co. Ltd. 

5 As substrate either an ejectronconducting or electrically insulating material can be used. In 
case of using an electroconducting substrate, a light emitting layer or a positive hole 
transporting layer is directly formed thereupon, while in case of using an electrically 
insulating substrate, an electrode Is firstly formed thereupon and then a light emitting layer or 
a positive hole transporting layer is superposed. 

10 

The substrate may be either transparent, semi-transparent or opaque. However, in case of 
using a substrate as an indicating plane, the substrate must be transparent or semi- 
transparent. 

15 Transparent electrically Insulating substrates are, for example, inorganic compounds such as 
glass, quartz and the like, organic polymeric compounds such as polyethylene, 
polypropylene, polymethylmethacrylate, pojyacrylonltrlla, polyester, polycarbonate, 
polyvinylchloride. polyvinytalcohol, polyvinyiacetate and the like. Each of these substrates 
can be transformed into a transparent electroconducting substrate by providing it with an 

20 electrode according to one of the methods described above. 

Examples of semi-transparent electrically insulating substrates are inorganio compounds 
such as alumina, YSZ (yttrium stabilized zirconia) and the like, organic pofymerio compounds 
such as polyethylene, polypropylene, polystyrene, epoxy resins and the like. Each of those 
25 substrates can be transformed into a semi-transparent electroconducting substrate by 
providing It with an electrode according to one of the abovsmentioned methods. 

Examples of opaque electroconducting substrates are metals such as aluminum, indium, 
iron, nickel, zinc, tin, chromium, titanium, copper, sliver, gold, platinum and the like, various 
30 elctroplated metals, metallic alloys such as bronze, stainless steel and the like, 

semiconductors such as Si, Ge, GaAs, and the like, electroconducting polymers such as 
polyaniline, polythiophene, poiypyrrole, polyacetylene, polyparaphenylene and the like. 

A substrate can be obtained by forming one of the above listed substrate materials to a 
35 desired dimension. It is preferred that the substrate has a smooth surface. Even If it has a 
rough surface, it will not cause any problem for practical use, provided that it has round 
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unevenness having a curvature of not less than 2Q nm. As for the thickness of the substrate, 
there is no restriction as Was it ensures sufficient mechanical strength. 
As cathode usual cathode materials which possess low work function such as alkali metals, 
earth alkaline metals, group 13 elements, silver, and copperas well as alloys or mixtures 
5 thereof such as sodium, Jithlum, potassium, sodium-potassium alloy, magnesium, 

magnesfum-sllver alloy, magnesium-copper alloy, magnesium-aluminum alloy, magnesium- 
indium alloy, aluminum, aluminum-aluminum oxide alloy, aluminum-lithium alloy, indium, 
calcium, and materials exemplified in EP-A 488,011 such as electroconduetlng polymers e.g. 
polypyrmle, polythiophene, polyanlline, polyacelylene etc., preferably Mg/Ag alloys, or Li-AI 
10 compositions can he used. 

In a preferred embodiment a magnesium-silver alloy or a mixture of magnesium and silver, or 
a lithium-aluminum alloy or a mixture of lithium and aluminum can be used In a film thickness 
in the range of from 10 nm (1 oo A) to 1 urn (1 oooo A), preferably from 20 nm 
15 (200 A) to 500 nm (sooo A). 

Suoh oathodes can be deposited on the foregoing election transporting layer by known 
vacuum deposition techniques described above. 

In a preferred ambodimeht of this invention a light-emitting layer can be used between the 
hole transporting layer and the electron transporting layer. Usually the light-emitting layer is 
prepared by forming a thin film on the hole transporting layer. 

As methods for forming s^id thin film, there are, for example, the vacuum deposition method, 
thB spin-coating method, the casting method, the Uangmulr-Btodgett <tB") method and the 
like. Among these methods, the vacuum deposition method, the spin-coating method and the 
casting method are particularly preferred in view of ease of operation and cost 

In case of forming a thin film using a composition by means of the vacuum deposition 
method, the conditions under which the vacuum deposition is carried out are usually strongly 
dependent on the properties, shape and crystalline state of the compound(s). However, 
optimum conditions are usually as follows: temperature of the heating boat" 100 to 400 9 C; 
substrate temperature; -TOO to 350°C; pressure^ .33x10* Pa (1x10 s Torr) to 1.33x1 0"* Pa 
(1x1 v* Torr) and deposition rate: 1 pm to 6 nm/seo. 

In an organic EL element the thickness of the light emitting layer Is one of the factors 
determining Its light emission properties. For example, if a light emitting layer Is not 
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sufficiently Hk a sho* circuit can occur quite easily batmen two electrodes 
ealdllghtemiWng leyer, ; and tharafor.no Elemlsslon la obtained. °"*"* er ^*^ 
lloht emitting layer Is excessively (hi* a large potential drop occurs made the Ught emrtbng 
ayerTaTseof He high electrical raaMance. eo^methreehoMvoHageforELe^on 
5 Increases. Accordingly, the thickness of the cranio light omitting layer la limited to the range 
of from 5 nm to s pm. preferably to the range of from 10 nm to 500 nm. 

t 

e, the cae. of fanning a light emitting layer by using the epin-coetlng method and the casting 
method, the ooattng can be canled out uelng a solution prepared by dlssoMng the 
10 '^'poeitlon ln a concerttratlon of from 0.0001 to 90% by weight m en appropnat. organ* 
' i such ae benzene, toluene, xylene, tebahydrafurane, me*y«etrahydrafurane. N,M- 
dimetttf fbrmamlde, dfchloremethene. dimeWsuifoxide and the Oka. If the conoentratton 
exceeds 00% l>y weighty solution usua«y^ 

emootn £nd homoganoua film. On the other hand. If the concentration la leas than 0.0001 A 
15 by weight, the eflWenoyof forming a film la too low to ba economical. According*, a 
^concenttatlono^^ 

|„ fh. case of uelng the above sph-coatlng or casting method. It la possible tofurther 
Zove the homogeneity and machenM strength of the resuBng layer by adding a polymer 
20 binder to the eolation fbr'1bm,lng the light emitting layer. In principle, any polymer binder may 
be ueed. provided that It Is soluble In the eolven. in which the composition Is dissolved. 
Examples of auoh polymer blndera are polycarbonate, polyvtnylalcohol, pdytnethacrylate. 
polymltWmemacrylato. polyester, po^nylacetoto. epoxy ra* and the >» 
ImJm composed of the polymer binder and the composition exceeds 00% by weight, 
2S the fluidity of the solution Is usually so low that It Is imposed*, to form a light emrttlng layer 
homogeneity. On the other hand. If the content of the cmposWon Is substan«a«y 
Zlr^m^^-V-erbvxtor, theek>omca. re^ce of settle v^la^so 
the, it does not emit llgMunleesahlghvottegeieappltedm.r^Aooortlr^ly.the prafe^ 
ratio of the polymer binder to the composition is chosen within the range of from 10=1 to 1 ^ 
30 by weight, and the solid content composed of both exponents in the solution Is preferably 
within me range of from 0.01 to 80% by weight, and more preferably, within the range of 0.1 
to 60% by weight 

As hole-tmnsportlng layers known organic Me transporting compounds such as polyvinyl 
35 carbazole 
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-(-CH a ^H-) n - 



a TPD compound disclosed in J. Amer. Chem, Soc, 90 (1 968) 3925: 



0 




<Q-M B 



wherein Qi and Cfe each'represent a hydrogen atom or a methyl group; 
a compound disclosed In J. Appl, Phys, 66(9) (1939) 3610: 

Mb. Ma 




a stllbene based compound 




wherein T and Ti stand fpr an organic radical; 
a hydrazine based compound 

By 



and the like can be used, 



. wherein Rx, Ry and Rz stand for an organic radical, 



Compounds to be used as a positive hols transporting material are not restricted to the 
above listed compounds. Any compound having a property of transporting positive holes 
be used as a positive hole transporting material such as triazole derivatives, oxadfazole 
derivatives, imidazole cfeflvatjves, polyarylalkane derivatives, pyrazollne derivative, 
pyrazolone cferivatives. phenylene diamine derivatives, arylamine derivatives, amino 
substituted chalcone derivatives, oxazole derivatives, stllbenyianthracene derivatives, 
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flMorenone derivatives, hydrazone derivatives, stllbene derivatives, copolymers of aniline 
derivatives, electro-conductive oligomers, particularly thlophene oligomers, porphyrin 
compounds, aromatic tertiary amine compounds, stilbenyl amine compounds etc. 
particularly, aromatic tertiary amine compounds such as N.N.N'.N'-tetraphenyM,^- 
5 diaminobiphenyl, N,NVdlphenyl-N.N»-bis(3-methylphenyl)- 4.4'<flamlnobiphenyl fTPD), 2,2'- 
bis(dl.p4orylaininoph 

bis(4-dlmethyl'^^ 
me thane.N.N'-dlphenyl-W 
te t r apbenyM.4»-diamlno^ 
10 tolyljamine, 4Kdf-p-tolylamlno)^^ 4-N,N<ilphenvlamino-(2- 
dlphenylvinyObenzene, 3-methoxy.4'-N.N^ P henylaminostllbene. N-phenylcarbazole etc. are 

used. 

Furthermore, 4,4'-b|s[N.(l.naphtyl)-N-phenylamino]blphenyl disclosed in US 5,061 .569 and 
15 the compounds disclosed In EP-A 608,562, in which three triphenylamina units are bound to 
a nibogen atom, such as 4 .^4"-WsINK3^ 080 
paused,, . 

A positive hole transporting layer can be formed by preparing an organic film containing at 
20 least one positive hole transporting material on the anode. The positive hole transporting 
layer can be formed by the vacuum deposition method, the spin-coating method, the casting 
method, the LB method and the liKe. Of these methods, the vacuum deposition method, the 
spin,coatirig method andthe casting method are particularly preferred In view of ease and 
cost 

25 

Ir, the case of using the vacuum deposition method, the conditions for deposition may be 
chosen in the same manner as described for the formation of a light emitting layer (see 
above). If it is desired to form a positive hole transporting layer comprising more than one 
positive hole transporting material, the ooevaporation method can be employed using the 
30 desired compounds. 

(n the case of forming a positive hole transporting layer by the spin-coating method or the 
casting method, the layer can be formed under the conditions described for the formation of 
the light emitting layer (see above). 

35 As in the case of forming, the light emitting layer a smoother and more homogeneous positive 
hole transporting layer can be formed by using a solution containing a binder and at least 
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one pos^va hole transporting material. The costing using such a solution can be performed 
in the same manner as described for the light emitting layer, Any polymer binder may be 
used, provided that it is soluble in the solvent in which the at least one positive hole 
transporting material is dissolved. Examples of appropriate polymer binders and of 
S appropriate and preferred concentrations are given above when describing the formation of a 
light emitting layer. 



The thickness of the positive hole transporting layer Is preferably chosen in the range of from 
0.5 to 1000 nm, preferably from 1 to 100 nm. more preferably from 2 to 50 nm. 

10 

As hole Injection materials known organic hole transporting compounds such as metal-free 
phthalocyanlne (H2PC), copper-phthelocyanine <Cu-Pe) and their derivatives as described, 
for example, in JP64-7635 can be used. Furthermore, some of the aromatic amines defined 
as hole transporting materials above, which have a lower lonisation potential than the hole 

IS .transporting layer, can be used, 

A hole injection layer can be formed by preparing an organic film containing at least one hole 
injection materia) between the anode laysr and hole transporting layer. The hole Injection 
layer can be formed by the vacuum deposition method, the spin-coating method, the casting 
method, the LB method and the like. The thickness of the layer Is preferably from 5 nm to S 

20 pro, and more preferably from 10 nm to 100 nm. 

The electron transporting materials should have a high electron injection efficiency (from the 
cathode) and a high electron mobility. The following materials can be exemplified for electron 
transporting materials; tria<8-hydroxyqulno|inato)-ajuminum(lll) and its derivatives, bis(10- 

25 hydroxybenzo[h]qulnollnolato)beryllium(l I) and its derivatives, oxadiazole derivatives, such 
as 2-(4-biphenyl)-5-(4-tert,-butylphenyl)-1,3.4-oxadIazole and its dimer systems, such as 1,3- 
bis(4«tert-butylpheny|-1,3,4)oxadlazo|y0blphenylene and 1,3-bls(4-tert-birty!phenyl-1 A4- 
oxadiazolyQphenyfene, dloxazola derivatives, triazole derivatives, coumarine derivatives, 
imidazopyridine derivatives, phenanthroiine derivatives qr perylene tetracarboxylic acid 

30 derivatives disclosed In Appl. Phys. Lett, 48 (2) (1 986) 1 83. 

An electron transporting layer can be formed by preparing an organic film containing at least 
one electron transporting; material on the hole transporting layer or on the light-emitting layer. 
The electron transporting layer can be formed by the vacuum deposition method, the spin- 
35 coating method, the casting method, the LB method and the like. 
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I, I, preferred thet the positive hole MM> materials for a positive Me inhibiting layer have 
Htt electron mleotton/efcnsportlng effldency from the eleotron ttansportlng layer to the light 
emission layer and also have higher ionisaftm potential than the light emitting layer » 
prevent the flowing out of positive holes from the light emitting layer to avoid a drop In 
luminescence efficiency. 

As the positive hole Inhibiting material known materials, such as Balq. TAZ and 
phenanthrolino derivatives, e.g. bathocuprolne (BOP), can be used: 

HA 




10 BCP 



The positive hole Inhibiting layer can be formed by preparing an organic f,lm containing at 
least one positive hole inciting materia, between the electron transporting layer «"d the 
~Iglayer. The ^t*™**^™*^**™^"" 
15 ZZ, Jspin^ng method, the casting method, the LB method and the like. The 
thickness of the layer preferably is chosen within the range of from 5 nm to 2 urn, and more 
preferably, within the range of from 10 nm to 100 nm. 

As in the case of forming a light emitting layer or a positive hole transporting layer, a 
20 smoother and more homogeneous electron transporting layer can be formed by using 
solution containing a binder and at least one electron transporting material. 



The thickness of an electron transporting layer Is preferably chosen in the range of from 0.6 
25 to 1000 nm. preferably from 1 to 100 nm, more preferably from a to 50 nm. 

The .ight-emitting compositions have a fluorescence emission maximum in the range of from 

500 to 780. preferably from 520 to 750. more preferred from 540 to 700 nm. 

inventive compounds preferably exhibit an absorption maximum in the range of 450 to 580 



30 nm. 
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The light-emitting compositions usually exhibit a fluorescence quantum yield (TQV) in the 
range of from 1 > FQY S: 0,3 (measured In aerated toluene or DMF). Further, In general, the 
Inventive compositions exhibit a molar absorption coefficient in the range of from 5000 to 
5 100000. 

Another embodiment of the present Invention relates to a method of coloring high molecular 
weight organic materials (having a molecular weight usually in the range of from 10 3 to 10* 
g/mol; comprising biopolymers, and plastic materials, Including fibres) by incorporating 
10 therein the Inventive composition by methods known in the art. 

The Inventive compositions can be used, as described for the DPP compounds of formula P 
in EP-A-1 087005, for the preparation of 

inks, for printing inks In printing processes, for flexographic printing, screen printing, 
15 packaging printing, security ink printing, Intaglio printing or offset printing, for pre-press 
stages and for textile printing, for office, home applications or graphics applications, such 
as for paper goods, for example, for ballpoint peps, felt tips, fiber tips, card, wood, (wood) 
stains, metal, inking pads or Inks for impact printing processes (with impact-pressure Ink 
ribbons), for the preparation of 
20 colorants, for coating materials, for industrial or commercial use, for textile decoration and 
industrial marking, for roller coatings or powder coatings or for automotive finishes, for 
high-solids (|ow-soivent) t water-containing or metallic coating materials or for pigmented 
formulations for aqueous paints, for the preparation of 
pigmented plastics for coatings, fibers, platters or mold carriers, for the preparation of 
25 non-impact-printing material for digital printing* for the thermal wax transfer printing process, 
the Ink let printing process or for the thermal transfer printing process, and also for the 
preparation of 

color filters, especially for visible light in the range from 400 to 700 nm, for liquid-crystal 
displays (LCDs) or charge combined devices (CCDs) or for the preparation of 
30 cosmetics or for the preparation of 

polymeric ink particles, toners, dye lasers, dry copy toners liquid copy toners, or 
electrophotographic toners, and electroluminescent devices. 

Illustrative examples of suitable organic materials of high molecular weight which can be 
35 colored with the inventive compositions are described in EP-A-1 087005. 
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Particularly preferred high molecular weight organic materials, in particular for the prepara- 
tion of a paint system, a printing Ink or ink, are, for example, cellulose ethere and esters, e,g, 
ethylcellulose, nitrocellulose, cellulose acetate and cellulose butyrate, natural resins or 
synthetic resins (polymerization or condensation resins) such as aminoplasts, In particular 
5 urea/formaldehyde and melamlne/formaldehyde resins, alkyd resins, phenolic plastics, 
polycarbonates, poiyoletlns, polystyrene, polyvinyl chloride, polyamldes. polyurethanes, poly- 
ester, ABS, ASA, polyphenylene oxides, vulcanized rubber, casein, silicone and silicone 
resins as well as their possible mixtures with one another, 

10 It is also possible to use high molecular weight organic materials in dissolved form as film 
formers, for example boiled Unseed on, nitrocellulose, alkyd resins, phenolio resins, 
melamlne/formaldehyde and urea/formaldehyde resins as well as acrylic resins. 

Said high molecular weight organic materials maybe obtained singly or in admixture, for 
15 example in the form of granules, plastic materials, melts or in the form of solutions, in parti- 
cular for the preparation of spinning solutions, paint systems, coating materials, inks or 
printing Inks- ... 

In a particularly preferred embodiment of this invention, the inventive compositions ere used 
20 for the mass coloration of polyvinyl chloride, polyamldes and. especially, polyolefins such as 
polyethylene and polypropylene as well as for the preparation of paint systems, inoludlng 
powder coatings, inks, printing inks, color filters and coating colors. 

Illustrative examples of preferred binders for paint systems are alkyd/melamlne resin paints, 
25 acryl/melamine resin paints, cellulose acetate/cellulose bulyrate paints and tworpack system 
lacquers based on acrylic resjns which are crossljnkable with polylsocyanate. 

According to observations made to date, the inventive compositions can be added in any 
desired amount to the material to be coloured, depending on the end use requirements. 

30 

Hence, another embodiment of the present Invention relates to a composition comprising 
(a) 6.01 to SO, preferably 0.01 to 5, particularly preferred 0.01 to 2% by weight, based on 

the total weight of the coloured high molecular organic material, of a composition 

according to the present Invention, and 



I 
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(b) 99.99 to BO, preferably 99.99 to 95, particularly preferred 99.99 to 98% by weight, 
based on the total weight of the coloured high molecular organio material, of a high 
molecular organic material, and 

(c) optionally, oustomary additives such as rheology improvers, dispersants, fillers, paint 
5 auxiliaries, siccatives, plastlcizers. UV-stabilizers. and/or addltionai pigments or 

corresponding precursors in effective amounts, such as e.g. from 0 to 50% by weight, 
based on the total weight of (a) and (b). 

To obtain different shades, the inventive fluorescent DPP compounds of formula I may 
10 advantageously be used in admixture with fillers, transparent and opaque white, colored 
and/or black pigments as well as customary luster pigments in the desired amount. 

For the preparation of paints systems, coating materials, color filters, Inks and printing inks, 
the corresponding high molecular weight organio materials, such as binders, synthetic resin 

15 dispersions etc. and the Inventive compositions are usually dispersed or dissolved together, 
if desired together with customary additives such as dispersants, fillers, paint auxiliaries, 
elccatives, plastlcizers apd/or additional pigments or pigment precursors, in a common 
solvent or mixture of solvents. This can be achieved by dispersing or dissolving the individual 
components by themselves, or also several components together, and only then bringing all 

20 components together, or by adding everything together at once. 

Hence, a further embodiment of the present Invention relates to a method of using the 
inventive compositions for the preparation of dispersions and the corresponding dispersions, 
and paint systems, coating materials, color filters, inks and printing inks comprising the 
25 inventive compositions. 

A particularly preferred embodiment relates to the use of the Inventive compositions for the 
preparation of fluorescerft tracers for e.g. leak detection of fluids such as lubricants, cooling 
systems etc, as well as fo fluorescent tracers or lubricants comprising the inventive 
30 compositions. 

For the pigmentation of high molecular weight organic material, the Inventive compositions, 
optionally In the form of masterbatches, are mixed with the high molecular weight organio 
materials using roll mills/mixing apparatus or grinding apparatus. Generally, the pigmented 
35 material is subsequently brought into the desired final form by conventional processes, such 
as calendering, compression molding, extrusion, spreading, casting or Injection molding. 
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For pigmenting lacquers, coating material? and printing inks the high molecular weight 
organic materials ancj the inventive compositions, alone or together with additives, such as 
fillers, other pigments, siccatives or plastlcizers, are generally dissolved or dispersed in a 
5 common organic solvent or solvent mixture. In this case it Is possible to adopt a procedure 
whereby the Individual components are dispersed or dissolved individually or else two or 
more are dispersed or dissolved together and only then are all of the components combined. 

The present Invention additionally relates to inks comprising a color|st|cally effective amount 
10 of the pigment dispersion of the inventive compositions. 

The weight ratio of the pigment dispersion to the ink In general is chosen In the range of from 
0.001 to 75% by weight, preferably from 0.01 to 50% by weight, based on the overall weight 
of the ink. 

15 

The preparation and use of color fibers or cqlprrpjgroente diiigh molecular weight organic 
materials are well-known in the art and described e.g. In Displays 14/2, 1151 (1993), EP-A 
784085, or GB-A 2.310,072. 

20 The color filters can.be coated for example using inks, especially printing inks, which can 
comprise pigment dispersions comprising the Inventive compositions or can be prepared for 
example by mixing a pigment dispersion comprising an Inventive composition with 
• - chemically, thermally or photolytically structurable high molecular weight organic material 
(so-called resist). The subsequent preparation can be carried out, for example, In analogy to 

25 EP-A 654 71 1 by application to a substrate, such as a LCD (liquid crystal display), 
subsequent photostructuring and development. 

Particular preference for the production of color filters Is given to pigment dispersions 
comprising an inventive composition which possess non-aqueous solvents or dispersion 
30 media for polymers. 

The present invention relates, moreover, to toners comprising a pigment dispersion 
containing an inventive composition or a high molecular weight organic material pigmented 
with an inventive composition in a colorfstioaliy effective amount. 
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The present invention additionally relates to colorants, colored plastics, polymeric ink 
particles,-or non-impacfcprinting material comprising an Inventive composition, preferably In 
the form of a dispersion, or a high molecular weight organic material pigmented with an 
Inventive composition In a coloristioally effective amount 

5 

A coloristioally effective amount of the pigment dispersion according to this invention 
comprising an Inventive composition denotes m general from 0.0001 to 99.99% by weight 
proforably from 0.001 to 50% py weight and, with particular preference, from 0.01 to 50% by 
weight, based on the overall weight of the material pigmented therewith. 

10 

The inventive compositions can be applied to colour polyamldes, because they do not 
decompose during the Incorporation into the polyamides. Further, they exhibit an 
exceptionally good iightfastness, a superior heat stability, especially in plastics. 

15 The following examples illustrate various embodiments of the present invention, but the 
scope of the.invention is-.not limited thereto. In the examples-tha 'parts* denote "parts by . 
weight" and the "percentages? denote "percentages by weight" , unless otherwise stated. 

Examples 
20 Example 1 

2.03 g {6.4 mmol) of 1,4^tiiketo^ l e-bis(4^metrhylphenyl)pyrrolopyfrole are slurred In 1-rnethyl 
2-pyrroHdlnone for 2 hours at room temperature. 1.31 g (11.63 mmol) of potassium t-butoxide 
are added to the slurry under nitrogen. After stirring for 2 hours, 20.5 g (1 1 ,1 mmol) of 1- 
bromoethylbenzene are added to the reaction mixture and agitated additional 2 hours. Then, 
25 the mixture (s poured into so ml of water and the precipitate is collected by filtration and 
purified by column chromatography (silica gel, dichloromethane as eluent), followed by 
washing with methanol. After drying 780 mg of a fluorescent orange solid Is obtained (mp. = 
262 °C, yield: 24%), 




,Exflmp1ft,2 

Example 1 was repeatsd except that i,4-c«keto-3,6-biB(1^n9Phtyl)-pyrro!o-(3,4^)-pyiTole was 
used as starting material. Orange solid (mp. - 263 a C, yield: 32%). 




Example 3 

(1.0 mmol) of 2,5-di-benzyM.4-ajketDA6^^ 25 mmo1 

dhtolylamlne. 5 mg of PalladlumdOacetate, 1 mg of tert-butylphosphine and 50 ml of dry 
xylene were placed in a three necked flasjc and stirred at 120 °C under nitrogen for 13 hours. 
10 After the completion of the reaction xylene was removed under reduced pressure and the 
residue was purified by column chromatography (sllfoa gel, dichloromethan as eluent). After 
drying 0.4 g of the desired product was obtained as red solid (mp, = 395 *C). 




(B-1) 



Example^ 

©(ample 3 is repeated, except that 2.5-dl-butyl-1 l 4-diketo-3.e-(4-bromophenyl)pyrrolo(3 l 4- 
5 o)pyrro(e is used as starting material and bls(2*naphtyl)amine Is used as reagent whereby a 
red solid is obtained (mp, - 222-224 *C, yield.* 46%), 




Exampfe 5 

10 Example 3 is repeated, except that 2-naphlylphenylamine is used Instead of di-tolylamfne, 
Whereby a red solid Is obtained (mp. » 361 °C, yield: 53%). 




Example 6 

A gtas6 substrate (manufactured Jay Asahi Glass Co., a product prepared by electron beam 

5 vapor deposition method.) on which an |TO transparent eiectroconductive film had been 
deposited up to a thickness of ca. 210 nm is cut into a size of 30 x 40 mm, and etched. The 
substrate thus obtained is subjected to ultrasonic washing with acetone for 15 minutes, and 
then to ultrasonic washing with Semikoklin 56 for 15 minutes, and then washing with 
ultra-pure water. Subsequently, the substrate is subjected to ultrasonic washing with 

10 Isopropy! alcohol for 15 minutes, dipped in hot methanol for 15 minutes, and than dried. Just 
befbre forming the substrate Into an element, the substrate thus obtained is subjected to an 
UV-ozone treatment for one hour and placed in a vacuum vapour deposition apparatus r and 
the apparatus Is evacuated until the Inner pressure reached 1 x 10"* Pa or less. Then, 
seconding to the resistance heating method, N.N'-diphenyl-N,N , -{3-methy!phenyl)- 

15 1 ,1 *-dlphenyl-4,4'-diamine (TPD) is vapor-deposited as a positive hole transporting material 
up to a thickness of 50 nm, to form a positive hole transporting layer. Subsequently, the DPP 
compounds obtained In example 1 (A-1) and example 6 (B-4) are co-deposited as a light 
emitting layer up to a thickness of 50 nm by controlling the ratio of deposition rate (A-l : B-4 
• » 99 : ca. 1) to form an uniform light emitting layer, Subsequently, a Akfe layer is 

20 vapor-deposited to form an electron transporting layer having a thickness of 50 nm. On top of 
that, a Mg-Ag alloy (10:1) is vapor-deposited to form a cathode having a thickness of 150 
nm, whereby an element having a size of 5 x 5 mm square is prepared. 
The luminescent peak wavelength and emission intensity of the luminescent element thus 
obtained Is summarized in Table 1 . 




(Example 104 of EP-A-1087006) 



Example 7. a. fl and 10 
5 Example 6 is repeated, except that the emitting material of example 6 is replaced by the 
emitting materials as described in table 1 . 

Table 1 



Device of 
Example 


Emitting Material ' 


EL properties 


Compound of 
formula I 
[99wt%] 


Compound of formula 
II 

[ca. 1 wt%] 


Peak (nm) 


Intensity (cd/m2) 


Ex.6 


A-1 


B-4 


890 


10980 


Ex.7 


A-1 


. B-1 


.608 


8026 


Ex.8 


A-2 


B-1 


.610 


9216 


Ex.9 


A-2 


Bn2 


594 


6773 


Ex.10 


A-2 


B-3 


600 


12260 


Reference 
Example 1 


A-3 (100 %) 




666 


5260 


Reference 
Example 2 


A-1 (100 %) 




534 


2600 



ExagTpja 11 

10 Example 2 was repeatedexcept that 3-(1-bromoethyl)-1<tert-buiylbBnzene was used Instead 
of l-bromoethylbensene. Orange solid (mp. m 307 °c, yiBld: 18 %). 
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(A-11) 



Example 12 

Example 2 was repeated except that a-(1-bromoethy|)toluene was ussd Instead of 1- 
bromoethylbenzene. Orange solid (mp. * 243 °C, yield: 14 %). 




(A-12) 



example 13 

Example 2 was repeated except that 2-(1-bromoethyDnaphthalene was used Instead of 1- 
bromoethylbenzene. OraVige solid (mp. = 325-329 *C, yield: 10 %). 




(A-13) 



10 Example 14 

Example 2 was repeated except that 1-(1-bromoethy0r\aphtha|ene was used Instead of 1- 
bromoethylbenzene. Orange solid (mp. - 266 °C, yield: 17 %). 
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(A-14) 
Example 15 

Example 2 was repeated except that 4-bromo-M1-bwmoethyl)benzene was used instead of 
1-bromoethyipenzene. Orange solid (mp. = 223-225 w O, yield: 32%). 




(A-15) 
Example 16 

Example 2 was repeated except that 4-phenyM-(1-bromoetpyQbenzene was used instead 
of 1-bromoethylbenz;ene. Orange solid (mp. = 293 "C, yield: 16 %). 




(A-16) 



10 



Sample .17 

Example 2 was repeated'except that isopropyi iodide was used instead of 1 ~ 
bmmoethylbenzene. Orange solid (mp. « 294-295 6 C, yield: 3 %). 




Example 18 

Example 2 was repeated, except that i-bromo-1,2,3.4-tetrahydronaphthalene was used 
instead of 1-bromoethylbenzene. Orange solid (rnp, =s 360 "C, yield: 3%). 




Example 19 

Example 2 was repeated! except that bromo d-phenyl methane was used Instead of 1- 
bromoethylbenzene. Orange solid (mp. - 2S8-266 °C. yield: 1 1 %). 




10 Example 20 

Example 1 was repeatecfexcept that 1,4-dlKeto-3,6-bls(1-phenanthrenyl)-pyrrolo-(3.4-o)- 
pyrrole was used as starting material. Orange solid (mp- ■ 326 °c, yield: 4%). 



12. SEP. 2002 14:00 
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(A-20) 



Ex ample 21 

Example 3 was repeated except that 2,54>M4-cyanobenzyl)-1 ,4-diketo«3,6-<4- 
5 bromophenyDpyrroto(3 f 4.-c)pyrrol0 *n d 1 ,1'*ls(d!phenylphoaphino)ferrocene were used 
starting material and Pd-ligand. respectively. 
Red violet solid (mp. = 376 e C, yield; 45%). 



asa 




(B-7) 



Example 22 

10 Example 1 6 was repeated except that 2,5-bls-(4,5-di-cyanobenzyl)-l ,4-dllceto-3,6-(4- 
bromophenyl)pyrrolo(3.4>-c)pyrrole was used as a starting material. 
Red violet solid (mp. - 353-356 «C. yield; 17 %). 



# • 
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Example 23 

Example 4 was repeated except that benzylbromide was used Instead of iodobutane 
5 Red violet solid (mp. * 359-361 "C, yield: 12%). 




Exampfe 24-26 

10 Example 6 fs repeated, except that the emitting material of example 6 is replaced by the 
emitting materials as described in table 2. 



m m 
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Table 2 



luevice or- 


Emitting Material 


E|- properties 


Example 


Compound of 
formula I (wt%) 


Compound of formula 
II (wt%) 


Peak (nm) 


intensity (cd/rrr*) 


EX.24 


A-2(97.8) 


B-7(2.7) 


624 


2717 | 


Ex.25 


A-11 (97.5 


B-1 (2.5) 


610 


3996 


Ex, 26 


A-11 (97.3) 


B*7(2,7) 


614 


5074 



Example 27 

Example 2 was repeated except that 2-(1-bromoethyl)to|uene was used instead of 1- 
bromoethylbenzene. Yellow solid (mp. =276:278 *C, yield: 9 %). 




Reference Example 1 

Example 8 is repeated, except that the compound below (A-3; Example 81 of EP-A-1 087006) 
is used as the light emitting material. The maximum luminance is 5260 Cd/m 2 . 




Reference Example a 

Example 6 is repeated, except that A»1 (Example 93 of EP-A-1 087006) is used as the light 
emitting material. The maximum luminance thereof Is 2600 Cd/m 2 . 



As evident from the examples the composition of the present Invention, comprising a DPP of 
the formula I and a PPP of the formula II, can provide a luminescent element which is high In 
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tha efficiency of electrical energy utilisation and Is characterized by a much higher luminance 
than the Individual DPP Compounds of formula I and II. 



Claims 



A composition comprising a di|cetopyrrolopyrrole ("DPP) represented by formula I 



wherein R\ B 2 , R 3 and R 4 independently from each other stand forCi-Css-alkyl, Cg-C^ 
cycloalf<yl, which oan be condensed one or two times by phenyl which can be 
substituted one to three times with .C r c 4 -alkylf halogen and cyano, ellyl, A 5 or - 
CR 11 R 18 -(CHa) m -A 5 , wherein R 11 and R 14 Independently from each other stand for 
hydrogen or C^alkyl, or phenyl which can be substituted one to three times with C r 
C 3 alkyl, 

A s stands for phenyl or 1- or 2-naphthyl which can be substituted one to three times 
with C r C„a|ky|, C r C 0 alkoxy, halogen, cyano, phenyl, which can be substituted with C r 
Caalkyl or QrOaalkoxy one to throe times, -NR ia R 14 wherefn R 1 ° and R 14 represent 
hydrogen, C r Caralky|, Cs-C^g-cycloalkyl or Ca-CVaryl. In particular phenyl or 1- or 2- 
naphthyl which can be substituted one to three times with Cf-Cealkyl, CrCaalfcoxy, 
halogen or cyano, or phenyl, which can be substituted with CrCaallcyl or CrCealtaxy 
one to three times, and m stands for 0, 1 . 2, 3 or 4, 
A 1 and A 8 independently from each other stand for 




0) 



and a dpp represented by formula II 




44 





wherein 

R B , R e , R 7 Independently from each other stands for hydrogen, CVCzE-alkyl, Ci-Cap- 
alfcoxy'. -CR^CH^-A 6 , cyano. halpgen, -OR*. »S(0) P Ri* or phenyl, which can be 
substituted one to three times with Chalky! or C^alkoxy, wherein B 1 ° stands for 
C-C^-aryl. or a Saturated or unsaturated heterocyclic radical comprising five to seven 
ring atoms, wherein the ring oonslsts of carbon atoms and one to three hetero atoms 
selected from the.group consisting of nitrogen, oxygen and sulfur. R 13 stands for 
(VCaraikyl. C s -C 1Jr cvcloalW. -CR.^R^-tCH^-Ph, R 1S stands for CrC^-aryl. p 
stands for 0, 1 , 2 or 3 and n stands for o, 1 , 2. 3 or 4. 
A 3 and A* independently from each other stand for 

B" 



N 



v„0 




B fl 
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wherein R 8 and R* Independently from each other stand for hydrogen, Ct-Ca-alfcyl, c r 
C 12 *jyeloallcyl. -OR 11 R 18 -(CHj!)m-A B , CrC»-aryl, In particular A 1 , or a saturated or 
unsaturated heterocyclic radical comprising five to seven ring atoms, wherein the ring 
consists of carbon atoms and one to three hetero atoms selected from the group 
consisting of nitrogen, oxygen and sulfur, and R ,s and R 17 are independently of each 
other hydrogen or Cg-Cg^aryl, 

Composition according to claim 1. wherein A 1 and A 2 independently from each other 
stand for 




alky). 

Composition accdrding to claim l or 2, wherein A* and A 4 independently from each 
other stand for 




wherein R 8 and R* independently from each other stand for 
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or , wherein R s , R a , R 7 

independently from each other stands for hydrogen, C r C r alkyl or C r Cralkoxy. 

Composition according to any of claim* 1 to 3, wherein R 1 , R 2 , R 3 and R 4 
Independently frqm each other stand for C r CkalKyl, C 6 -Circycloalkyl, wr ,ich can be 
substituted one to three times with C-Cealkyl and/or C r c B alkoxy, phenyl or 1- or 
2-naphthyl which can be substituted one to three times with 0,-Caalkyl and/or C r 
C 6 alkoxir, or -CR'WMCHaWA 15 wherein R 11 and R 12 stand for hydrogen. A s stands for 
phenyl or 1 - or 2-naphthyl, whloh can be substituted one to three times with C^CeSlM 
and/or Ci-Caalkoxy, and m stands for 0 or 1 . 



Composition according to any of claims 1 , 2 or 4, wherein the compound of the formula 
I i 8 selected fromithe following compounds A-1 to A-20: 



# • 
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compound 


A'-A* 


R'ss R a 


A-i 




"3-0 


A-2 


| 

CO 




A-3 


-O-OH, 




A-4 




CH 


A-5 






A-8 


a 1 " " '* " " 


-(CH 2 ) 3 CH 3 


A-7 




Hi 

OH 3 





m 

49 


• 


Compound 


A'ei A 8 




A-17 


I 

CO 


-CH(CH3)2 


A*18 


1 

CO 


1 

6o 


A-19 


1 

Co 


(XX) 


A-20 






A-21 

• 


CO 


>-£> 



6. 



Composition according to any of claims 1, 3 or 4, wherein the compound of the formula 
II Is selected from the following compounds &-1 to B-9: 




N V m 



Compound 


R a - R* 




R» 


B-1 










-(CHsOaCHa 


"CO 




B-3 




TO 


-o 
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Compound 


R a = R* 


R* , 


R 5 


0-4 




-O 


-o 




Mi 




II 


B-6 








B-7 




-Q-CH, 












0,9 


X3 







7. An electroluminescent device comprising the composition according to any of claims 
to 6. 

8. An electroluminescent device according to claim 8, comprising in this order 

(a) an anode, (b) a hole transporting layer, (c) a light-emitting layer, (d) optionally an 
electron transporting layer and (e) a cathode. 



g. A composition comprising 

(a) 0.01 to 50% by weight, based on the total weight of the colored high molecular 
weight organic material, of the composition according to any of claims 1 to 6. and 

(b) 99.99 to 50% by weight, based on the total weight of the colored high molecular 
weight organic material, of a high molecular organic material. 



10, Use of the composition according to any of claims 1 to 6 for coloring a high molecular 
weight organio material. 
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11. A diketopyrrolopyrrole ("OPP") represented fry formula I or II 




(I) 




(ID 



wherein R\ R z , R 3 and R 4 independently from each other stand for C r C 8S -alkyl. CrC 1z - 
cycloalkyl, which oan be condensed one or two times by phenyl which can be 
substituted one to three times w|th G,-C 4 *ajkyj, halogan and cyano, silyl, A 6 or - 
CRi 1 R«-(CH2) m -A s , wherein R'< and R ,£ independently from each other stand for 
hydrogen or C r C4alky), or phenyl which can be substituted one to three times with C- 
C 9 alky!, 

A s stands for phepyl or 1- or 2-naphthyl which can be substituted one to three times : 
with (^-Calkyl, Qt-Caalkoxy, halogen, cyano. ph&nyl. which can be substituted with C r 
C fl alkyl or C r Cealkoxy one to three times, -NB 13 R 14 wherein R 13 and R 14 represent 
hydrogen, 0,-O^kyi, C r C 12 -cycloalkyl or Ca^-aryl, in particular phenyl or 1- or 2- 
naphthyl which can be substituted one to three times with C^aHcyl. Ci-Cpalkoxy. 
halogen or cyano, or phenyl, which can be substituted with CrCealkyl or d-Caaikoxy 
one to three times, and m stands for o, 1 r 2, 3 or 4, 
A 1 and A 2 independently from each other stand for 





wherein 

R*. R*. R 7 independently from each other stands for hydrogen, CrCaa-alkyli c rOes- 
alkoxy, •OR ,1 B t2 -((CH2) m -A B , eyano, halogen, -OR 10 , -S(0) p R ia . or phenyl, which oan be 
substituted one to three times with CrO B alkyl or CrC fl alkoxy, wherein R w stands for 
cVCjjraryl, or a saturated or unsaturated heterocyclic radical comprising five to seven 
ring atoms, wherein the ring consists of carbon atoms and one to three hetaro atoms 
selected from the group consisting of nitrogen, oxygen and sulfur. R 1g stands for 
CrCfisralkyt, C B -C 12 *cyc|oalky|, -CR"R ia -(CHa) w -Ph, R 1B stands for Ca-C^-aryl, p 
stands for 0, 1 , 2 or 3 and n stands for 0. 1, 2, 3 or 4, 
A a and A* Independently from each other stand for 




wherein R 8 and Ff independently from each othsr stand for hydrogen, Ct-Cae-alkyl, Qr 
(Vcydoalkyl. -CfW^CHa^A 5 , Ce-Ca^aryl, in particular A 1 , or a saturated or 
unsaturated heterocyclic radical comprising five to seven ring atoms, wherein the rfng 
consists of carbon atoms and one to three hetero atoms selected from the group 
consisting of nitrogen, oxygen and sulfur, and R ia and R 17 are Independently of each 
other hydrogen or 0 6 -C24aryl- 



# m 

S3 

Abstract: 

The present invention relates to compositions comprising a dlketopyrrolopyrrole ("PPP") of 
tha formula I and a DPP of the formula II 




AO 



and their use for the preparation of inks, colorants, pigmented plasties for coatings, non- 
impact-printing material, color filters, cosmetics, polymeric ink particles, toners, dye lasers 
and electroluminescent devices, A luminescent device comprising a composition according 
to the present invention is high in the efficiency of electrical energy utilisation and high in 
luminance. 
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